Abstract: Behçet's disease (BD) is a relapsing, systemic, inflammatory disorder that affects various organ systems. Most of the manifestations of BD are self-limiting, but ocular attacks are an exception. Gastrointestinal tract, central nervous system, and cardiovascular system manifestations are relatively infrequent but may be resistant to conventional immunosuppressive treatment and therefore life-threatening. Tumor necrosis factor alpha antagonists are increasingly being used in patients whose BD is inadequately controlled by standard immunosuppressive regimens. Most of the current experience regarding the treatment of refractory BD involves the use of infliximab; however, adalimumab has also been successfully used in cases of BD refractory to both conventional therapy and infliximab. Compared with infliximab, adalimumab offers several other advantages, such as the ability to self-administer at home, better patient compliance, and an improved side effect profile. Here, we review clinical experience of the use of adalimumab to treat the serious manifestations of BD. Adalimumab is a promising drug for the treatment of BD, and its randomized, prospective study in a large number of patients is warranted to fully determine its efficacy in the refractory BD setting.
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Pathogenesis
Unique geographic distribution of BD patients along the historical Silk Road area suggests that genetic factors play a critical role in the pathogenesis of this disease. Recently, several genome-wide association studies have been reported. Japanese and US groups (Remmers et al 7 and Mizuki et al 8 ) have revealed associations with BD at the HLA class I, IL10, and IL23R loci. Furthermore, Kirino et al 9 have reported associations with BD at the CCR1, STAT4, KLRC4, and ERAP1 loci, which encode molecules that play important roles in T-cell-mediated immunoregulation (especially Th1-, Th2-, and Th17-mediated immunoregulation), activation of natural killer cells, chemotaxis, and proper peptide presentation by major histocompatibility complex class I molecules.
Although the etiology of BD remains unclear, hyperfunction of neutrophils, which results in tissue injury and vasculitis, is a well-characterized hallmark of the disease. Furthermore, the clonal expansion of T-cells, which autoreact with heat shock protein 60, has been reported in BD patients. 10 Since heat shock protein 60 is highly homologous with bacterial heat shock protein 65, there may be a relationship between bacterial infection and the pathogenesis of BD. 11 Indeed, the incidence of BD among Turkish patients living in West Berlin has been reported to be 2.26 in 100,000, which is much lower than that reported in Turkey (1 in 1,000), 12 strongly suggesting that environmental factors play a key role in the pathogenesis of BD.
We previously reported that the numbers of peripheral blood cells spontaneously secreting interferon-γ, interleukin 12, and TNF-α were significantly increased in patients with active BD. 13 TNF-α has been shown to play an important role in the pathogenesis of BD. For example, increased expression of TNF-α by γδ T-cells and monocytes in the peripheral blood has been confirmed in patients with active BD, 14 and increased expression of TNF-α mRNA has been observed in the ulcerative lesions of patients with active intestinal BD, which was diminished after treatment. These reports had suggested that TNF-α is a possible therapeutic target in BD.
Adalimumab for the treatment of Behçet's uveitis
Ocular manifestations affect 60%-80% of all BD patients and often result in severe visual impairment. In the clinical data of 1,465 patients with ocular lesions, most of the patients had bilateral, recurrent intraocular inflammation, and poor visual acuity was reported in 18.9% of women and 24.8% of men. 15 In addition, patients with poor vision were more frequently reported from India, Iraq, and Japan than from the other countries. 15 Various systemic corticosteroids and immunosuppressive drugs (eg, colchicine, cyclosporine A, cyclophosphamide, methotrexate, and azathioprine) have been used as conventional therapy for the treatment of BD; however, these therapies have been shown not to reduce disease activity. 16 The recent development of biological therapies, though, has revolutionized the treatment of BD. For example, infliximab is a chimeric IgG1 monoclonal antibody (mouse and human) that disrupts inflammatory immunoregulation by binding to TNF-α, thus preventing it from binding to its receptor. Many small, open-label prospective studies have demonstrated that infliximab is efficacious for treating Behçet's uveitis. [17] [18] [19] [20] [21] [22] [23] For example, Okada et al 17 have reported favorable results from a multicenter prospective study of infliximab use in 63 BD patients with refractory uveoretinitis. Before the start of infliximab treatment, 52 patients were diagnosed with severe uveoretinitis and 11 were diagnosed with moderate uveoretinitis. An efficacy analysis after 1 year showed that uveoretinitis had improved in 69% of patients, had somewhat improved in 23%, was unchanged in 8%, and had worsened in none.
Furthermore, Takeuchi et al 18 have evaluated the longterm efficacy of infliximab for the treatment of Behçet's uveitis in 164 consecutive patients who were treated for at least 1 year. The percentage of patients receiving concomitant cyclosporine A was reduced from 44.5% to 25.6%, and that of patients receiving concomitant corticosteroids from 39.6% to 29.3%. Infliximab treatment was continued in 85% of patients after observation period but was discontinued in 15% because of adverse effects or insufficient efficacy.
Recently, the American Uveitis Society proposed new recommendations for the use of anti-TNF-α biological agents in patients with ocular inflammatory disorders. In these recommendations, infliximab and adalimumab are considered first-line corticosteroid-sparing therapies for the treatment of ocular manifestations of BD. 24 Adalimumab is a completely humanized IgG1 monoclonal anti-TNF-α antibody that binds to TNF-α (free and membrane-bound) and prevents it from binding to its receptors. It was the third TNF-α inhibitor, after infliximab and etanercept, to be approved by the US Food and Drug Administration for the treatment of rheumatoid arthritis, and it has since been approved for a further six indications: juvenile idiopathic arthritis, psoriatic arthritis, ankylosing spondylitis, Crohn's disease, ulcerative colitis, and psoriasis.
Since the overall patient population treated with adalimumab is smaller than that treated with infliximab, [25] [26] [27] [28] two retrospective analyses, and five case reports have been published (Table 1) . [29] [30] [31] [32] [33] [34] [35] Of 47 patients with Behçet's uveitis treated with adalimumab, 42 (89%) showed a satisfactory response, 2 (4%) showed a partial response, and 3 (6%) showed no response. Twenty-five of these patients were treated with infliximab before subcutaneous adalimumab. In 18 of these 25 patients, infliximab was stopped because of insufficient efficacy or an adverse reaction to the infusion. Also, patients who are switched to anti-infliximab antibody are prone to develop de novo antiadalimumab antibody (immunogenicity). 36 Only two of these 18 patients did not respond to adalimumab therapy; the other 16 had good clinical courses.
In Japan, adalimumab is less frequently used for BD uveitis since infliximab has been approved for the treatment of refractory BD uveitis in 2007. Nonetheless, adalimumab shows efficacy even in some patients with infliximabresistant uveitis. 
Adalimumab and alternative therapies for the treatment of intestinal BD
Intestinal BD is characterized by intestinal ulcerations and gastrointestinal symptoms and occurs in 3%-16% of all BD patients. It typically presents as round or oval ulcers in the ileocecum, and the most common gastrointestinal symptoms are abdominal pain, diarrhea, and bleeding. Esophageal involvement is rare, but ulceration can occur anywhere throughout the gastrointestinal tract. As with the overall prevalence of BD, the prevalence of intestinal BD also varies by region: in studies conducted in Turkey and Saudi Arabia, 1% (total, 272 patients) 37 and 4% (total, 119 patients) 38 of DB patients, respectively, had gastrointestinal involvement, whereas in Taiwan, 32% (total, 22 patients) had gastrointestinal involvement. 39 High prevalence of intestinal BD has also been reported among BD populations in Japan and the UK. 40 The severity of intestinal BD is usually assessed by taking into account the systemic symptoms present, the results of a physical examination of the abdomen, estimated ulcer depth, and the presence of intestinal complications, increased inflammatory mediators, or anemia. Crohn's Disease Activity Index can be applicable for intestinal BD, because of similarity of clinical manifestations and therapeutic strategies between the both diseases. A Korean group (Cheon et al   41   ) has also proposed a novel disease activity index for intestinal BD.
Conventional therapy for the treatment of intestinal BD includes the use of corticosteroids and immunosuppressants; however, gastrointestinal lesions, which can sometimes cause life-threatening comorbidities such as intestinal perforation and acute intestinal bleeding, are often refractory to these therapies.
The second edition of consensus statements for the diagnosis and management of intestinal BD was recently published by the BD Research Committee of Japan. In this publication, corticosteroids are the recommended induction therapy for patients with severe intestinal manifestations of BD. 42 However, adalimumab or infliximab may also be considered as induction therapy. In patients with mild to moderate disease activity, 5-aminosalicylic acid (5-ASA) may also be effective as induction therapy.
Recent randomized controlled studies have examined the efficacy of adalimumab in inflammatory bowel disease. ULTRA2 (Ulcerative colitis Long-Term Remission and maintenance with Adalimumab: treatment of moderate to severe ulcerative colitis), a 52-week randomized controlled study of patients with ulcerative colitis, showed clinical remission at week 52 in 17.3% of patients receiving adalimumab and 8.5% of patients receiving placebo (P=0.004). 43 CHARM (Crohn's trial of the fully Human antibody Adalimumab for Remission Maintenance), a 56-week randomized controlled study of patients with moderate to severe Crohn's disease, showed that at week 56 the percentage of responders in remission was significantly greater in patients that received adalimumab (40 mg every other week or 40 mg weekly) versus placebo (36% and 41% vs 12%; P0.001). 44 Although there are reports in the literature of the successful treatment of intestinal BD using adalimumab, a randomized controlled study is yet to be undertaken.
Since intestinal BD is often refractory to conventional treatments such as colchicine, azathioprine, methotrexate, 5-ASA, and cyclosporine A in combination with systemic corticosteroids, alternative therapies are needed in this setting. For example, there is one case report suggesting that thalidomide in combination with infliximab is effective for the treatment of infliximab-tolerant intestinal BD, 45 and another suggesting that mycophenolate sodium is effective for the treatment of azathioprine-tolerant intestinal BD. 
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Adalimumab in Behçet's disease January 2007, it is yet to be approved for the treatment of refractory intestinal BD. Therefore, all the examples of the successful use of infliximab for the treatment of refractory intestinal BD have been off-label, because they did not show ocular manifestations concurrently. [47] [48] [49] Kinoshita et al 47 have reported 15 cases of intestinal BD treated with infliximab. After 10 weeks of treatment, 12 patients (80%) showed response to infliximab; 8 (53%) of these achieved remission with no intestinal symptoms and normal C-reactive protein levels. The response to infliximab was maintained in 7 of 11 patients (64%) who were followed up at 12 months and in 4 of 8 patients (50%) followed up at 24 months. Furthermore, Lee et al 48 Although anti-TNF-α agents show promise for the treatment of refractory intestinal BD, there are no data available regarding the comparative efficacies of infliximab and adalimumab in this setting. However, several case reports suggest that adalimumab may be effective (Table 2) . 29, [50] [51] [52] [53] [54] In four case studies, the patients were initially treated with infliximab, their intestinal BD became refractory, and they were then started on adalimumab; a complete response was seen in all patients, indicating that adalimumab may be useful for patients who are intolerant to infliximab. Only one of the seven patients in the case studies listed in Table 2 showed a partial response to adalimumab; the medication was switched to infliximab and no further ulcers developed during the subsequent 6 weeks of infliximab treatment.
To clarify the safety and efficacy of adalimumab in the intestinal BD setting, a nonrandomized, open-label prospective study was recently conducted in Japanese patients with BD refractory to conventional therapies. 55 Twenty BD patients with at least one ileocecal ulcer 1 cm in diameter and a baseline global gastrointestinal symptom score 3 were enrolled in the study. Nine patients (45%) showed a marked improvement in gastrointestinal symptoms at week 24, and 12 patients (60%) showed a marked improvement at week 52. Complete remission was achieved in four patients at both weeks 24 and 52. No serious adverse events were observed by week 52. Furthermore, adalimumab treatment was associated with the rapid resolution of extragastrointestinal BD symptoms: two-thirds of patients with oral aphthous ulcers and genital ulcers, and 88% of patients with erythema nodosum, had complete resolution of these conditions at week 52. On the basis of these findings, in May 
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Adalimumab for treating BD manifestations in other organs
In addition to a nonrandomized clinical trial showing that adalimumab is effective for the treatment of both intestinal BD and extragastrointestinal mucocutaneous lesions such as aphthosis ulcers and erythema nodosum, 54 Olivieri et al have reported the clinical courses of ten cases of BD in which mucocutaneous lesions were the main clinical manifestations. 25 The patients were initially treated with conventional therapy and infliximab, but after insufficient clinical efficacy or the onset of an adverse reaction to the infliximab infusion, infliximab was withdrawn and adalimumab was introduced; five patients (50%) had complete remission, three had good responses (30%), and two remained unchanged or their conditions worsened.
There have been no controlled studies conducted that can be used to guide the management of BD with central nervous system involvement (neuro-BD). In parenchymal neuro-BD, high-dose steroid therapy is usually followed by maintenance therapy with oral steroids and immunosuppressants. However, several cases of neuro-BD successfully treated with a TNF-α inhibitor have been reported. For example, eight neuro-BD patients treated with adalimumab have been reported; six achieved complete remission (Table 3) . 24, 27, 28, 56, 57 Pulmonary artery aneurysm is a known complication of BD that is usually lethal if the aneurysm ruptures. Four cases of successful treatment of pulmonary artery aneurysm with a TNF-α inhibitor have been reported; three were treated with infliximab, [58] [59] [60] and one with adalimumab.
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Conclusion
There is accumulating evidence that adalimumab is safe and effective for the treatment of serious manifestations of BD with sparing effects of conventional immunosuppressants and corticosteroids. Adalimumab may also be effective in patients with infliximab-refractory BD. Long-term, largescale studies are warranted to determine the efficacy and safety of adalimumab in BD patients.
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